(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 726 290 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intel 6 C08L 21/00 C08L 23/02 




14.08.1996 Bulletin 1996/33 


(21) 


Application number: 96300858.6 




(22) 


Date of filing: 08.02.1996 




{OH} 




* naKaisu, lUKinari 




AT BE CH DE DK ES FR GB GR IE IT LI NL PT SE 


Ohtsu-shI, Shiga-ken, 520 (JP) 


(30) 


Priority: 08.02.1995 JP 20537/95 


(74) Representative: Colelro, Raymond et al 




10.02.1995 JP 22825/95 


MEWBURN ELLIS 






York House 


(71) 


Applicant: TORAY INDUSTRIES, INC. 


23 KIngsway 




Tokyo 103 (JP) 


London WC2B 6HP (GB) 


(72) 


Inventors: 




• 


Uejyukkoku, Narlo 






Gamou-gun, Shiga-ken, 520>25 (JP) 





(54) A polyolefin based crosslinked foam 

(57) A polyolefin based crosslinked foam comprises 
a polyolefin based resin (A) and a conjugated diene pol- 
ymer (B) having a peak tan 5 value, obtained by (^namic 
viscoelasticity measurement, at a temperature between 
-20°C and 40°C. The foam may liave an impact absorb- 
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ability, as measured by an impact resilience measuring 
instrument, of from 1 0 to 50% and a vibration absorba- 
bility such as to provide a damping coefficient ratio (C/ 
Cc) of at least 0. 1 %. The foam can be prepared by mix- 
ing the polyolefin based resin (A) and the conjugated 
diene polymer (B) and foaming the mixture. 
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Description 

The present invention relates to a polyolefin based crosslinked foam. In more detail, the present invention relates 
to a polyolefin based crosslinked foam excellent in Impact absorbability, vibration absorbability and heat insulation. 

5 which can be used for various kinds of industrial applications such as materials for the interior of automobiles, cush- 
ioning, building, fumiture and home use electrfcal appliances. 

In recent years polyolefin based crosslinked foams have become widely used as matenals for cushioning, the 
interior of automobiles, building, fumiture, domestic appliances, etc. since they are light, excellent in heat insulation 
and sound proofing and can be easily molded by various processes. 

10 The conventional polyolefin based crosslinked foams are variously adjusted in heat resistance, cushionability and 

impact absorbability by properly selecting the degree of crosslinking, expansion ratio and thickness. However, the high 
crystallinity of the resin makes the impact resilience high, not allowing vibration absorbability to be high simultaneously 
As general tendencies, heat resistance is better at a higher crosslinking degree, while impact absorbs^ilrty is higher 
at a lower crystallinity such as seen in butyl rubber. Because of these contradictory tendencies, it is difficult to satisfy 

»5 all the desired properties simultaneously. .. , ^ . , , i„ 

The present invention addresses the problem of providing a polyethylene based crosslinked foam satisfactory in 
Impact absorbability and vibration absorbability as wellasin cushionability. overawide range of degrees of crossinking^ 

According to a first aspect, the Invention provides a crosslinked foam comprising a polyolefin based resin (A) and 
a conjugated diene polymer (B) having a peak tan 8 value (obtained by dynamfc viscoelasticity measurement) at a 
20 temperature between -20OC and 40°C inclusive. 

An especially preferred crosslinked foam for absorbing impact and vibration has an impact absorbability at 25 c 
of from 10 to 50% and a vibration absorbability at 20°C (C/Cc) of at least 0.1 and comprises: 

100 parts by weight of the polyolefin based resin (A) and, 
25 10 to 100 parts by weight of the conjugated diene polymer (B) having the peak of tan 5 obtained by dynamic 

viscoelasticity measurement between -20"C and 40»C. 

According to a second aspect, the invention provides the use of a crosslinked foam in accordance with the first 
aspect as a cushion material, while according to a third aspect, the invention provides a method of manufactunng a 
30 crosslinked foam comprising 

(a) mixing a polyolefin based resin (A) with a conjugated diene polymer (B) having a peak tan 8 value (obtained 
by dynamic viscoelasticity measurement) at a temperature between -20'C and AO'C inclusive; and 

(b) foaming the mixture. 

3S 

In an especially preferred method for manufacturing the foam, the mixture comprises 100 parts by weight of poly- 
olefin based resin (A) and 1 0 to 1 00 parts by weight of a conjugated diene polymer (B) having the peak of tan 8 obtained 
by dynamic viscoelasticity measurement between -20°C and 40*C. 
Preferred embodiments of the invention will now be described. 
40 To obtain an impact and vibration absorbable foam, we tested resins to be mixed with the polyolefin based resin 

andauxiliaryagentforcrosslinking,andcorrelatedthepeaktemperature of tanSobtained by thedynamic viscoelasticity 

measurement of the resin with the behavior caused when both the resins are crosslinked. As a result, we found a 
polyolefin based crosslinked foam satisfactory in impact absorbability and vibration absorbability as well as in molda- 
bility heat resistance and cushionability, over a wide range of degrees of crosslinking. It is believed that such results 

45 were attained by reducing the effect of crystallinity of the polyolefin based resin and controlling the impact resilience^ 
The polyolefin based resin (A) used in the present invention is preferably a homopo^mer or random or block 
copolymer of olefin monomers such as ethylene, propylene, butene-1 and 4-methyl pcntene-1. or their copolymers 
such as with vinyl acetate, aciylic esters, methacrylic esters and maleic acid anhydride. The melting point of the po^;- 
olefin based resin (A) is preferably 70 to 165»C. more preferably. 80 to 155°C. If the melting point is lower than 70 C, 

so although it is preferable in view of softness, impact absoitability and vibration absorbability of the product and preven- 
tion of decomposition of foaming agent while kneading in an extruder during a sheet manufactunng process, the product 
is too soft and difficult to handle at taking up or after treatment, or is unstable during manufacture, for instance, due to 
blocking. On the other hand, when the melting point is higher than 1 65°C, although the heat resistance can be improved, 
it is difficult to control exactly the expansbn ratio of the product due to the decomposition of the foaming agent by 

55 shear-induced heat while kneading in an extruder. The melt flow rate (MFR) of the resin (A) is preferably 0.5 to 20g/ 
lOmin more preferably, I.Sto 10g/10min. If theMFRislessthan0.5g/10min.,themeltviscosityoftheresinbecomes 
too high and the expansion ratio may be difficult to control exactly due to the decomposition of the foaming agent 
caused by higher extruston lerrperature to reduce the melt viscosity or higher extrusion pressure. On the other hand. 



2 



EP0 726 290 A1 



when the MFR is more than 20g/10 min.. although it is preferable for prevention of decomposition of the foaming agent 
caused by shear-induced high temperature, it is not generally preferable because a predetermined surface condition 
and thickness of the product cannot be obtained without using a particularly prepared manufacturing line (i.e. a plant 
having a quick cooling system). 

5 The conjugated diene based polymer (B) has a peak tan 8 within a temperature range of -20°C to AQ°C and 

preferably a number average molecular weight of 30,000 to 500,000. It may be a fully unsaturated, or partially hydro- 
genated product and in particular may be a copolymer of an aromatic vinyl monomer, Isoprene and butadiene, or a 
partially hydrogenated product therefrom. The aromatic vinyl monomer content In the conjugated diene based polymer 
or its hydrogenated product is preferably 5 to 50%, more preferably 10 to 35%. If the aromatic vinyl monomer content 

10 is more than 50%, the temperature range of the peak of tan 5 shifts towards a lower temperature, to harden the resin 
itself, and undesirably brings about a lowering of the impact absorbability and vibration absorbability. If the content is 
less than 5%, the temperature range of the peak of tan 5 shifts towards a higher temperature, to Improve the flexibility 
as a rubber material for seemingly enhancing impact absorbability. However, in the present invention, since the 
crosslinked foam is high in expansion ratio, excessive flexibility causes the foam to be excessively deformed so as, 

'5 on the contrary, undesirably to lower impact absorbability. The aromatic vinyl monomer used In the present invention 
can be selected from styrene based monomers and naphthalene based monomers, but styrene based monomers are 
preferable in view of productivity and price. The amounts of isoprene and butadiene in the conjugated diene based 
polymer of the present Invention are preferably each 5 to 90%. If the amount of those monomers in the copolymer Is 
more than 90%, crosslinking degree tends to be low and quality control of the foam, especially bubble size, becomes 

20 difficult. The hydrogenated ratio of the conjugated diene based polymer is preferably less than 90%, more preferably 
less than 80% and still more preferably less than 70%. 

The peak of tan 5 obtained by dynamic viscoelasticity measurement should be in a temperature range from -20'*C 
to 40**C, preferably -S^C to 35**C. If the peak is outside this temperature range, the foam obtained Is undesirably poor 
in impact absorbability and vibration absorbability The number average molecular weight of the conjugated diene 

25 based polymer is preferably 30,000 to 500,000, more preferably 50,000 to 200,000. If the molecular weight is less than 
30,000, the foam obtained is low in mechanical strength and very sticky and blocking undesirably occurs in the pro- 
duction of the foam. On the other hand, if more than 500,000, the melt viscosity of the resin may become too high, and 
when It Is melt-mixed with the polypropylene based resin, dispersibility may become too low due to the difference in 
viscosity, not allowing foaming control of the foam. 

30 The method for preparing the conjugated diene based polymer used in the present invention is typically disclosed 

In JP-A-5-345833 but, of course, not limited thereto in the present invention. 

When a chemical crosslinking agent is employed, this may result in the presence, in the final crosslinked foam, of 
units derived from a crosslinking agent (C), for example, a polyfunctional monomer and these may be present in an 
amount of 0.5 to 10%, preferably 0.5 to 5%, by weight of the foam. The crosslinking agent may be added to the resin 

3S composition prior to foaming. 

When polyethylene is used as the polyolefin based resin (A) In the present invention, there are no particular re- 
strlctbns as to its production method. In general, It can be selected from low density polyethylene obtained by high 
pressure polymerization, linear polyethylene based resins such as a copolymer of ethylene and an a-olefin with 4 to 
12 carbon atoms obtained by low or medium pressure ion polymerization, ethylene vinyl acetate copolymers, ethylene 

40 alkyi acrylate copolymers, ternary copolymers with maleic anhydride, etc. Preferably the polyethylene based resin is 
selected from resins which can be crosslinked by electron beam irradiation only, without requiring the addition of a 
reactive crosslinking auxiliary such as divinylbenzene. The reason Is that while the conjugated diene based polymer 
to be mixed has double bonds in the skeleton and crosslinked by electron beam irradiation, controlling the crosslinked 
state suitable for foaming requires that the respective resins are not greatly different in crosslinking degree at the same 

45 energy. Any one or more of the above polyethylene based resins can be used as a mixture without any limitation as 
far as a large difference between their respective degrees of crosslinking is not caused. 

The melting point of the polyethylene based resin used In the present invention is preferably 70 to 135^*0, more 
preferably 80 to 1 SO^C. Melting points of lower than 70°C are undesirable since application of such means is limited 
in view of their poor heat resistance. Melting points higher than 1 35**C are preferable in view of the wider range of 

50 applicability of such resins, but undesirable since the substantially highly crystalline resin is highly rigid and makes the 
foam less cushionable. 

The MFR of a polyethylene based resin as used for the present invention is preferably 0.5 to 10 g/10 min, more 
preferably 1 .0 to 8 g/10 min. If MFR Is less than 0.5 g/10 min, the melt viscosity of the resin may be so high that It is 
liable to cause the foaming agent to be undesirably decomposed, thereby forming coarse bubbles, by the shear heat 
55 generation during the production of the sheet to be foamed. On the other hand, if more than 10 g/10 min, although the 
melt viscosity is desirably low for the production of the sheet, the foam obtained is lowered in elongation, or the shape 
retainability during heat molding such as vacuum molding is lowered, making It undesirably difficult to obtain a good 
molded product. 
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If a polypropylene based resin Is used as the polyolefin based resin (A) in the present invention. ,t is generally 
propylenehoLpolymerobtalnedbyaZiegler catalyst orarandomorbkx:k^^^^^ 

2 to L wt%. more preferably 3 to 20 wt%, of ethylene or of an a-olefin having 4 to 12 cartoon atoms in its ^olecule Jf 
the amount of comonomer is less than 2%, the Impact or vibration absorbing effect is not enough. On the other hand, 
if the amount is more than 35 wt%. although it is preferable for controlling crosslinking, Impact absorbabili^, resilierice 
and cushionabllity. the melting point becomes too low. The polyolefin based resin (A) preferably has a melting po nt of 
125 to 165°C, more preferably 130 to 155°C, and an I^FR preferably of 0.5 to 20 g/10 min. more preferably 1.0 to 10 
g/10 min. If the melting point is below 1 25°C. heat resistance may be too low and if the melting P°'"' ^ ^^^^ 
shear-induced heat at manufacturing may cause decomposttion of the foaming agent and ^nngs about large voids 
which are not preferred. If the I^FR is less than 0.5 g/10 min, too high a melt viscosity may ^"^ 
shear-induced heat, decomposition of foaming and undesirably large voids in the foam. On the other hand rf the MFR 
is more than 20 g/10 min. although it is preferable tor sheet manufacturing, the elongation of the foam tends to be too 
low. and on molding at high temperature, the sheet tends to deform and it is difficult to maintairi good quahty^ 

The ethylene or an a-olefin with 4 to 12 carbon atoms to be copolymerized is not especially limited, and can be 
ethylene, butene or hexene respectively alone, or ethylene and butene, or ethylene and hexene respectively in com- 
bination, etc. in View of the mechanical strength of the foam, a copolymer having as large a number of carbon adorns 
as possible and a temary copolymer are preferred. The amount of the ethylene or an a-olefin with 4 to 1 2 carbon atoms 
to be copSymerLd is preferably 2 to 35'wt%, preferably 3 to 8 wt%. If the amount is less than 2 wt%, the crystal^ 
of the resin is very high, making It undesirably difficult to control the impact absorbabilrty «"dJ.bra^on^so-baW^^ 
contrary tothe intentkjn of the present invention. Furthermore, since the metting point becomes high, the fc«m obte^^^^^^^^ 

is hard, to be lowered in cushionabllity. large in impact resilience, and poor in impact resistance at low temperaKn^e, 
and when the sheet to be foamed is produced, the foaming agent is liable to be decomposed by shear heat Sene^atior, 
to fom, undesirably coarse bubbles. On the other hand, if the amount is more than 35 wt%. he mel ng PO'nt may be 
lowered undesirabhr to lower heat resistance, even though a large amount is preferable for the control o< )he degree 
of crosslinking, cushionabllity. impact resilience and impact resistance. The melting point of the resin Preferably 125 
to 155-C more preferably 130 to 14500. If the melting point is lower than 125"C, the foam obtained is undesirably 
llmrted in application in view of its poor heat resistance. If higher than 155»C. the melting point is h-Q^er to y««den 
desirably the range of application, but the shear heat generation during the production of the sheet to be f^med ^ 
liable to cause the foaming agent to be decomposed, thereby undesirably forming coarse bubbles. MFI^^P^J- 
erably 0 5 to 20 g/10 min. more preferably 1 .0 to 10 g/10 min. If the MFR is less than 0.5 g/10 min. the melt viscosity 
of the resin Is so high that it is liable to cause the teaming agent to be undesirably decomposed, thereby forming ccaree 
bubbles by the shear heat generat«n during the production of the sheet to be foamed. On the other hand, if more than 
20 g/10 nJn, although the melt viscosity is desirab^r low tor the production of the sheet, the foam obtained is lowered 
in elongation, or the shape retainability during heat molding such as vacuum molding is lowered, making it undesirably 

difficult to obtain a good molded product. 

Usually polypropylene based resin tends to decompose at the tertiary carbon atom of polypropylene when irradi- 
ated by k^nizing irradiation such as electron beam. This decomposition may be prevented by adding to the composrtion 
to be foamed monomer (which may be a dimer) having two or more reactK^e double bonds ,n its ^^^^'^^^^^^^ 
in an amount of 0.5 to 5 weight parts relative to 100 weight parts of the propylene based resin and «^'=h f ^^e/^^ ^ 
crosslinking agent tor the propylene based resin. If the amount Is less than 0^ wt parts. '!"^^^^^^^^^^ 
substantially depend upon the reactivity of the diene based polymer and accordingly cannot be h gh enough. On he 
oiher hand. H the amount is more than 5 wt parts, a unitom, crosslinked product is dWicult to obtain because of the 
difference in speed of the two crosslinking reactions. fhi^ 
When a mixture of polyethylene based resin (a) and polypropylene based resin (b) is used as resin (A) of this 
invention, the ratio (aV(a+b) of 0.2 to 0.8 is preferable having regard to controlling softness, heat resistance, vibration 
absorbability and impact absorbability . ^ , •4-u.^,«««n=.foH 

The mixing ratio (By(A+B) of polyolefin based resin (A) andconjugateddienebasedpolymer(B)orrtshydrogenated 
producuTpreferab^ 0 1 to 0.5, more preferably 0.2 to 0.4. It (By(A.B) is less than 0.1 . the c-ystalhnrty he poVolefm 
based resin may bring about high rigidrty. heat resistance, but with low impact and ^'^'^'^^^^'''1^''^^^^^^ 
ionability. On the other hand. If more than 0.5. although the reason is unknown, ™P«°' f ^^Jf °" 

absorbability are not greatly improved, and rather, mechanical properties such as strength are undesirably lowered 
due to the increased amorphous component. 

The number average molecular weight of the diene based polymer is preferably 30,000 to 500.000. If it is less 
than 30 000. although it is preferable for good vibration absorbability, the resin is too liquid and causes too low a melt 
viscosity of the compound; accordingly, it becomes difficult to form a continuous sheet or to prevent "locking^ On he 
other hand. If it is more than 500.000. shear-induced heat at melting causes uncontrollable decomposition of foaming 

The degree of ciossllnklng of the foam of the present Invention is preferably 15 to 80%. more preferably 25 to 



EP0 726 290 A1 



70%, especially 30 to 60%. Crosslinking degrees of less than 15% are preferable having regard to elongation and 
moldability, but undesirable because the foam gas is liable to dissipate from the surface of the foam during foaming at 
such low degrees of crosslinking, not allowing the Intended expansion ratio to be obtained, also to roughen the surface 
of the foam, and furthermore, to lower undesirably the heat resistance. On the other hand, degrees of crosslinking 

5 higher than 80% are preferable having regard to impact absorbability, vibration absorbability, mechanical strength and 
heat resistance of the conjugated diene polymer as a rubber component, but since the crosslinking points increase 
substantially to lower moldability, molding into various shapes cannot be effected. 

The expansion ratio of a foam of the present invention is preferably 2 to 40 times, more preferably 5 to 40, especially 
5 to 30 times. Expansion ratios less than 2 times are preferable having regard to vibration absorbability, mechanical 

10 strength and moldability but undesirable because the foam obtained is hard and low In impact absorbability and cush- 
lonability. On the other hand, expansion ratios of more than 40 times are preferable having regard to cushionabllity 
due to higher flexibility, but undesirable because mechankial strength and moldability are lowered, and also because 
vibration absorbability is lowered (though the reason for this Is unknown). 

The Impact resilience in terms of which impact absorbability of a foam of the present invention Is expressed Is 

15 preferably 10 to 50%. more preferably 15 to 35%, at 25°C. Impact resilience values of less than 10 are preferable 
having regard to impact absorbability, but the foam obtained is not firm and cannot hold its shape. On the other hand, 
impact resilience values of higher than 50% are preferable in view of moldability since the foam obtained can hold its 
shape, but undesirable since the repulsion against impact increases to lower undesirably impact absorbability. 

The vibration absorbability at 20^C (C/Cc) of a foam of the present invention is preferably 0.1% or more. If the 

20 vibration absorbability is less than 0. 1 %, then when the foam is used with a wide range of materials to make composite 
products, it cannot give good vibration absorbability i.e., damping effect. The upper limit of vibration absorbability Is 
about 1 .5%, above which the foam obtained is not particularly firm and may not hold its shape. 

The foam of the present invention preferably has a moldability (L/D) of 0.4 or more, more preferably 0.5 to 0.9 
within the desired range of degrees of crosslinking. If the moldability Is less than 0.4, a product of complicated shape 

25 cannot be obtained and this undesirably restricts the molding method and molding design. On the other hand, although 
larger UD values are preferable having regard to the degree of freedom in the molding method and molding design, 
generally the upper limit of UD can be said to be about 0.9 having regard to the shape moldability and cushionabllity 
of the molded product. 

In addition, as required, a thermal stabilizer, weather resistant material, flame retarding agent, flame retarding 

30 auxiliary, dispersing agent, pigment, and filler can be added. The thermal stabilizer can be selected from hindered 
phenol based stabilizers and thio based stabilizers, and should the foam be likely to come into contact with a metallic, 
especially a copper, plate, it is preferable to add a compound capable of preventing, as far as possible, damage which 
might otherwise be caused by such contact with metal. It is also effective to add 5 to 30 wt parts of micro particles, 
such as of talc, calcium carbonate, mica or carbon to the resin composition relative to 100 wt parts of the resin com- 

35 position to improve vibration absorbability. In view of recent environmental issues, the use of olefins as raw materials 
is Increasing, and depending on the places where the foam is to be used, a flame retarding agent or flame retarding 
auxiliary may need to be added. For the crosslinked foam, the use of a flame retarding agent having a melting point 
of 180 to 240^0, above all, a phosphorus halogen based flame retarding agent, is desirable. 

The decomposition type foaming agent which can be applied in the present invention can be selected from various 

40 organic and inorganic foaming agents. Organic foaming agents include azodicarbonamide, N.N'-dinitrosopentameth- 
ylenetetramine, p.p'-hydroxybenzenesulfonyl hydrazide, triazol type or tetrazol type foaming agents having a chlorine 
atom, and inorganic foaming agents Include sodium carbonate, ammonium carbonate, ammonium bicarbonate and 
calcium azide. Among these, a mixture of azodicarbonamide and N,N'-dinitrosopentamethylenetetramine is especially 
preferred because then decomposition of the resin compound can be minimized since uniform foaming from low tem- 

45 perature is achieved. Azoditetrazol guanidine can also be used Instead of N,N'-dinitrosopentamethylenetetramlne for 
the same purpose. 

In the present invention, crosslinking by Irradiation with ionizing radiation Is preferable. Alternatively, especially 
when component (A) Is a polyethylene based resin, it Is possible to employ a chemical crosslinking method, In which 
a peroxide compound such as dicumyl peroxide, t-butyl perbenzoate or dl-tertiary butyl peroxide Is added, preferably 
50 in an amount of 0.5 to 5 parts by weight of component (A), to the resin mixture for crosslinking. However, this method 
is less preferred because it may cause deterioration of the polyolefin based resin and affords less control of crosslinking. 

The foaming method of the present invention can be a known method, but a continuous sheet, such as vertical 
hot air foaming, horizontal hot air foaming or horizontal chemical solution foaming Is preferable. 

An especially preferred embodiment of the method for producing the polyolefin based electron beam crosslinked 
55 foam of the present invention is described below. 

Fifty kilograms of (A), a high pressure process low density polyethylene (0.925 g/cm^ density, 112^*0 melting point 
and 4.8 g/1 0 min MFR), 30 kg of (B), a partially hydrogenated styrene-isoprene-styrene block copolymer having a peak 
tan 5 value at -3*C, a number average molecular weight of 55,000 and a styrene content of 10%, 0.3 kg of Irganox 
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1010 as a thermal stabilizer and 6.5 kg of azodicarbonamide as a decomposition type foaming agent were put into a 
Henschel mixer of 450 liters Inner capacity, and mixed, to obtain a composition. The raw m«ture was introduced .nto 
a vent-type extruder heated to a temperature not decomposing the foaming agent, specifically 130 to 150^C. and 
extruded from a 3 mm bore nozzle thereof Into a water cooling tank, and the strand gut was drawn ou of the wa er 
cooling tank, exposed to compressed air for draining, and Introduced into a pelletizer. to be pellelized into pellets of 2 
mm dLeterandSmm length obtained asarawmaterialfor the sheet to be foamed. The rawmaterialwas introduced 

into an extruder heated at 1 30 to 1 50=C, and extruded from its nozzle, and the extruded material was fed into a Pol'sl'nQ 
type sheet molding machine at a roll temperature of 65°C. The molded sheet was wound as a 3.0 mm thick and 500 
mm wide continuous sheet free from bubbles caused by entrained air ^, . , ■„ 

The sheet was Irradiated with an electron beam, to be crosslinked so as to render it suitable for foaming, i.e in 
order that the degree of crosslinking of the foam obtained might be 1 5 to 80%. The sheet was continuously supplied 
onto a heating medium bath heated in a temperature rangef rom 30 to 1 00°C higherthan the decomposition temperature 

of the foaming agent, to be foamed. ■ t „ 

The foam thus obtained was 6.1 mm In thfckness. 1 300 mm in width and 25 times in expansion ratio, and smooth 

°" dSibed above, in the present inventkx,. a specific conjugated diene based polymer is mixed with a polyeth- 
ylene based resin, and the mixture is crosslinked and foamed Into a product decreased in impact resilience attributable 
to the ciystalllnity of the polyolefin based resin, yet with the properties of the polyolefin based resin maintained over a 
wide range of degrees of crosslinking and excellent in cushionability Impact absorbability and vibration absorbability. 

The reason why the effects of the present invention are obtained is not fully understood Although not wishing to 
be bound by theory, according to the experience of the inventors, when a conventional rubber resm is mjxed with a 
polyolefin based resin, the amount of the rubber resin added must be not less than the amount of the polyolefin based 
resin in order that the properties of the rubber resin should manifest themselves, and therefore, it is very difficult to 
mainiain the properties of the polyolefin based resin. On the other hand, a po^ethylene based resiri copolyrrierized 
with a rubber component, for example. EVA resin can be further lowered in crystallinity by a small amount of the 
copolymerized rubber component, to be made flexible, but the impact absorbability and vibration absorbability are not 
satisfactory. In the present Invention, it Is surmised that since a specific conjugated diene based polymer resin and a 
polyolefin based resin are mixed, crosslinked and foamed, the resins are crosslinked with each other in a state such 
that the conjugated diene based polymer resin and the polyolefin based resin appear to have been copolyrnerized 
and so that the amount of the conjugated diene based polymer resin added can be smaller, to give impact absorbability 
and vibration absorbability without impairing the basic properties of the polyolefin based resin. 

Since the foam of the present invention is small in impact resilience, it is excellent in impact absorbability and also 
vibration absorbability. Therefore, » It Is stuck to various facings for use as interior materials of ''^f^^^^ 
materials obtained will have peculiar softness, impact absorbabilrty. and delicate vibration absorbability witti a damping 
effect which cannot be achieved by conventional foams. Furthemiore, since it is excellent in vibration absorbability it 
can be stuck to Inflammable material such as iron sheet, for use as molded engine room partitions, or can also be 
stuck to an Inorganic fiber mat for use as a lining material for inflammable board. It can also be stuck to a metallic 
sheet to form a laminate which can be folded for use as an outside plate of. for example, a washing machine. It can 
also be stuck to a plastic sheet, to torn a laminate which can be molded for use as a cover of, for exairiple, washing 
machine, in which it serves as a damping composite material to absorb vibration. Altematlvely, it can foriin part of a 
composite with a vibration absorbing sheet which comprises rubber or polyvinylchloride and metal particles for ab- 
sorbing lowf requency The foam can also be coated with an adhesive at least on one side, for use as a tape for damping 
the vibration of. for example, windows. It can also be laminated with, for example, plywood, for use as a floor damping 
material. It can also be used to make composite materials with, for example metallic foil, film or inorganic fibers, for 

application in various molding areas. .... o» f-.xii^u,e 

Methods for measuring physical properties and parameters relevant to the present invention are as follows. 

(1) Degree of Crosslinking 

A foam was shredded, and 0.2 g of it was accurately weighed. It was immersed In tetralin at ISOfC, and with 
stirring the mbrture was heated for 3 hours, to dissolve what could be dissolved. The insoluble portion was taken out 
and washed by acetone, to remove tetralin. and washed by pure water to remove acetone. ^tT. „ I! 

hot air dryer at 120«C. The residue was naturally cooled to room temperature, and weighed as (g). to obtain the 
degree of crosslinking from the following formula. 

Crosslinking degree = [(0.2 - W,)/0.21 x 100 (%) 
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(2) Expansion ratio 

A 10 X 10 cm sample was cut out of the foam, and its thickness (cm) and weight Wg (g) were measured The 
expansion ratio, E, is the ratio of the volume per unit mass of expanded foam/un expanded material. Given that the 
5 densities of polyethylene and polypropylene are roughly 1 g/cm^, this approximates to: 
Expansion ratio, E (10 x 10 x i^)f\N2 (dimensionless). 

(3) Melting point 

10 The largest peak in the melt heat absorption cun/e measured by a differential scanning calorimeter (DSCII produced 

by Perkin Elma) was identified as the melting point. 

(4) MFR (melt flow rate) 

IS Polyethylene based resins were measured according to JIS K 6760. 

(5) Dynamic viscoelasticity 

The viscoelastic spectrum of "Leovibron" (produced by Orientec) DDV-III was measured, and the peak temperature 
20 of the spectral curve was identified as the absorption peak of tan 5. 

(6) impact absorbability 

The value measured by means of a "Luepke" Impact resilience measuring instrument (measuring temperature 

25 25'*C) was used. 

(7) Vibration absorbability 

A complex elastic modulus measuring instrument was used to measure the damping coefficient ratio C/Cc of 
30 viscous damping coefficient C to critical viscous damping coefficient Cc of a steel plate (1 mm thick, 1 5 mm x 250 mm) 
only. A sample of the same size was stuck to the steel plate, and the laminate was held as a cantilever at a fixing 
compression rate of 75% (the thickness of the compressed sample to the thickness of the original entire sample In- 
cluding the thickness of the steel plate), to measure C/Cc. The value of the steel plate only was subtracted from the 
value obtained from the laminate consisting of the sample and the steel plate to provide the vibration absorbability. 
3S l\/1easurements were taken at 20°C. 

(8) Cushionability 

The compressive hardness measured according to JIS K 6767 was used as an Indicator of cushionability. A cush- 
40 ionability in a range from 0.30 to 1 .2 kg/cm^ was acceptable. 

(9) Moulding processability (L/D) 

Cylindrical metal moulds of which the depth (L)/diameter (D) ratio varies at intervals of 0.05 are used. A foam is 
45 vacuum-moulded at 160 to 180°C by means of a vacuum moulding machine. The maximum ratio at which the foam 
forms a moulding without any breaks is taken as the mould processability. 

Especially preferred embodiments of the present invention are now described in more detail below with reference 
to the following Examples. 

so Example 1 

Fifty kilograms of high pressure process low density polyethylene powder (0.925 g/cm^ density, 113°C melting 
point and 4.3 g/10 min MFR), 25 kg of a partially hydrogenated styrene-isoprene-styrene block copolymer resin having 
a peak tan 5 value at -3*C, a number average molecular weight of 55,000 and a styrene content of 1 0%, 0.5 kg of Mark 
55 A030 and 1.0 kg of DSTDP as thermal stabilizers, and 8 kg of azodicarbonamlde as a decomposition type foaming 
agent were put into a Henschel mixer of 450 liters inner capacity and mixed. The mixture was introduced into a vent 
type extruder heated to a temperature not decomposing the foaming agent, specifically 130 to 140*C, and extruded 
from its T die as a sheet. The sheet was wound as a 2.0 mm thick 450 mm wide continuous sheet free from bubbles 
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IS 



20 



""te'sVerl«ad with an electron beam o, 3,5 Mrad, to be cross.inked. The sheet -s njrcxiuced ,nto 

foaming apparatus utilizing the silicon chemical solution method and heated to 205-C. 215-C and 220-C .n th.s order. 

to be foamed, and the continuous sheet-like foam obtained was wound. 

The foam was made into a product having a degree of crosslinking of 23%. an expansion ratio of 25 times, a 

thickness of 4.2 mm and a width of 1250 mm. 

The properties ot the product are shown in Table 5. . . u ^ i^^tr^n h^am 

As shown in the Table, the foam, which was within the present invention, was a polyolefin based electron beam 

crosslinked foam excellent In impact absorbability and vibration absorbability 

Examples 2 to 5, and Comparative Examples 1 to 5 

The ingredients as shown in Tables 1 to 4 were used to obtain foams, and the properties of the foams as shown 

^Te polyolefin based electron beam crosslinked foams embodying the present invention and shown in t^^e E^^^" 
ples were excellent in impact absorbabilrty and vibration absorbability over a wide range of degrees o^^^^^^^^ 
since they were prepared by mixing a polyolefin based resin and a conjugated diene based polymer with a specific 
dynamic viscoelasticity, and crosslinking and foaming the mixture. ^^nxmntinnpi 
On the other hand, the polyolefin based electron beam crosslinked foams prepared according to any ™tio^^^^ 
method or not in conformity with the present invention shown as Comparative Examples were insufficient in impact 
absorbability and vibration absorbability, because improper resins and other materials were used. 



25 



30 



35 



40 



45 



SO 



SS 



8 



EP0 726 290 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



pi 

3 

8-» 



































1 

1 


















































! 






























































e 






0 
































i 




vo 














































1 


















































i 


















e 


X 








(0 






















i 


















u 


ET> 








*^ 






















t 




















-H 
















































tj» 


Q 






























i 


















ti 
































i 




























n 










































>i 










n 








0 














0 




























m 








CM 




























£ 














• 








• 










































0 








0 






0 














































































Q 
































































































U 


























j 
















































• 






















a 


























J 


















































i 
















































I 






















0 


























: 

U : 


















































« ; 
















































CO i 






0 










n 
























0 






0 


1 






0 








0 


1 
















0 








0 






0 








0 








0 
































0 








• 








0 




















0) 








03 


CO 


• 


(U j 






0 




CO 






















d# 


m 


H 






0 


U 


M ^ 


tn 






<^ 


r- 


M 


H 


«r 


in 








9 






CO 


0 




g 




0 


«n 


9 




in 


P I 






w 




CO 


0 


in 


3 






e 














Al 






U 






<4 i 












^ 










a> 














£ 






(ri 




























H 




















u 


7 




S 1 








U 






«i 








•O 
































































0 










w 


Qi \ 




C 




a 


£ 


c 










•0 










•H 


6 


Di 








^ 0) 








0 




e 




a> 




s 






A 








♦J 














TJ 


(6 


§ j 






01 
























c 


















j 




c 


3 
















(d' 








0 








0 






3 0 






s 


0 




















9» 








0 


1^ 






u 


M 




IB ti 


(4 




g, 


u 






































« 


id 


S 




(d t 








is 


s 






iQ 






1-1 






d> 








X 

0 


« 














« 


















c 








2 




Qi 




s 












Q» 


e 


9 


& 








p, 






o 








g 


g 








1 




0 <B 






0 




U 






ID 










o 






s 










H 






M t4 








u 


« 




|4 


U 


























M 




a 






e i 




>t r-l 




U 




r-i 
















>, 






to 


H 


*» 


0 




Pi 




<d j 


M 






(0 


>1 




0 


IQ 






















CO 


«9 




^ 


0} CO 


X 


1 


ca 


ca 






a 


CO 


X 
































4P 




i 

1 














































CO 


























































0 














































1 


















































i 












































































c 
























c 1 








c 


















41 


a 


















c 








c 








c 














r-« 




















0 








a 




fi 


















>1 




















«i 






























O4 


Ql 


















C 












0 








0 












M 


















0 








0 




■<•• 




0 




f-» 










Vi 




















0 








0 




\ 




u 




"S. 










a. TS 




















{J 
















0 












>i 




























(0 






















r-1 




















Q 


CO 






c 


0 






c 


tn 


. 










0 
























^ 1 

1 




0 


in 






lb 














e* 


Xi 




































































CU >i 






O4 








cu 


>, 






Oi 




























M lO 


_ 


« 1 


u 

1 


5 




as 


M 








V 




























1 «i 


Of 


s 








1 








u 
































X .i 


(O 


(4 




X 




M 


ae 


ae 


*o 


















































4} 


















































(B 
































1 


















IC 
































5 


















J3 
































1 

i 


















c 


















































































I 












































































Q> 




























e 




c 


















e 


c 




u 












c 










u 












c 


0 








<p 










g 








*^ 










\ 




S 










>t 










M 
















e 






















B 










>• 














in 


















0 










0 








JC 


M 
















0 










M 




r-l 


















*» 






o\ 












»^ 










cn 






















0) 


•d 












♦i 










: 




























a> 












C 




o> 






i 




0 


u 






s 




&> 












a 
















0 


















w 


0 


0 










0 
















Tn 












>r 










tn 
























c 












































0 


CO 








































a 




















P9 


m 








u 




















e 




















0« 


0 






< 






« 
















« 


i- 




$ 




k 


i 








a 


« 






> 




















S 


•a 






u 


> 










i 


mi 




X 


X 


QQ 














» 




































































i 




























5 
















M 










i 


















































i 






















H 


























1 



















9 



EP0726 290 A1 



10 



IS 



20 



25 



30 



S 



36 



40 



45 



SO 



55 



c 

JZ JZ 

a 

13 

5< 5 



O 

e 
c 



c 



G 
O 

6 

o 
o 

JC 

ca 



c 



C 



4 
fit 



x: 

i 

_ o 



m so 
. o 



i i 

Q to 



3 



o u 

^ B 

o jc 

» t> 



e « 

o o 

s 

U 4) 
O X 
» 0 



^ <5 

<H 0 
U 

> O 



Q 

U « 
•> f5 

<D Z 

r-l 



G 

5 

s 



0> 
C 

o w 

O X 
09 ^ 



4 



0) 
C 

8 

U 



ll 

• O 



3 

tr 



! « ■ 



^ It. 

I i 



U JS 

o 



9 



Mill 



13 



I 13 ! § M 



C 09 
O 

U 10 

o 

O 

M <M 
< ^ 



10 

o 



U \ 

to I 



U : 

<9 i 

i \ 

o i 



VI 



o in 



a 

r-l 

<M hi 
A 

0 

> o 



« 

VI 
Vi 



I 



i 81 

i n - 



c 

o 

a m 
u 

« s 

^ a ^ *^ 
01 Q B o 



S 

O to 

u a 

O 3 

N 

< CD 



10 



EP 0 726 290 A1 



U XT 

CP O 

C 3 

X >i 



to 



75 



20 



25 



30 



3S 



40 



45 



50 



55 



S 
>< 

O 

•0 

Q) 
0) 
10 

g" 



o 

s 



» 

< 
6- 



e 
ca 



(/I 
(tj 

c 

« 

o 
o 

a* 



c — 

Q) 

o o 

-4 di 

o (a 

Ob la 



a to 
c — 

^ c 

4J (U 

(0 u 
<o 



t 

s 



O 
O 



o 



o 
o 
o 

^ o 

O lA 



o 



« -H 
C > 

o 

U M 
10 

ID ^ 

at u 
>» 



GO CO S 




o 
o 
o 

o in 



4J «i 

C £ 

0 m 

-H 
B Q) 
O » 

u 

VI 

c 

^ O 
O >-* 
MUX 



d 

Id 

01 



o ] 

O } 

O (A 9 i 

--Si 

- ♦> fcl 1 

^ r Q> ^ 

c m Q# -! 

« -H 5 i 

^ 41 4> > 

c > ♦J i 

0 1 

U li j< I 

« « ; 

C S Q. i 

O U I 

(4 a> ^ i 

C4 >» c ! 

M o « i 

CO CO X -4 i 





H 

CO a* 
o 

O - 

0 ^3 

c 

T3 

w o 
« o 

c 

01 a 

8 S 
US' 

an CA 



o t 
o 

o - 

« o 

1^ VI 
JZ 01 
Q* 

« <B 
U M 

>H 0} 

9 a 
u 

11 



• 

o 



GJ . in 
c m - 

o 

a« >« 



c 

0) 

c 
o 

o 



O 

M ^ - PC 

si 5» 

M pa 26 s 



o 



r4 -4 



5r 



tn e : m 



\ o 

m • . >, in • 

r4 tn : u -tJ CM m 

«-« : a -4 

I Q ca 

OS i Hi c - « 

I O Oi u 

^ '0 X X 




c 

01 
r-i 

O 

a 



5 

s. 

8 



n S 

01 >% 

O Q. 

^ s 



I 2.8 



i 8 

M 
ft 

0) t 
c « 
0) c 

M O 
>« M 
•> >• 

CO «J 

(A 



0> 
C 
4) 

>l 

4» 
>i 

O 



3 

O I 

(0 o 

9 e 

Vf 0) 

£ a» 
o 

•rl U 
t 

l4 0) 

(d c 

a 0) 
c 

3| 

- M 

H 

Oi 

0 £ 
1.1 CI 

1 Otf 
i4 U 



n 0} 

e 6 

o >i 

o 

o o 

M O 

to 0} 

GO W 

O (S 

0 « 

M U 

fiu « 

W >i 

3 C 

u> ^ 

01 I 

u a> 

o< c 

>< 

^ A 

ft S 



O 

O Oi 

u o 

8 " 

O M 

T3 U 

C O 

p A 

U 0) 

0 0) 

01 « 

>t >» 

o 0 



M M 



I I 

flfi 0 



11 



EP 0 726 290 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



SS 



(4 




12 



EP 0 726 290 A1 




13 



EP 0 726 290 A1 



Claims 

1 A crosslinked foam comprising a polyolefin based resin (A) and a conjugated diene polymer (B) havinga peal^ tan 
6 value (obtained by dynamic viscoelasticity measurement) at a temperature between -20»C and 40 C inclusive. 

2. Afoamaccordingtoclaim1compri8ingfrom10to100part8byweightofcomponent(B)per100partsofcomponent 

(A). 

3 Afoam according toclaim 1 or claim 2 havingan impact absorbability at 25'C (as measured by an impact resilience 
measuring instrument) of fiom 10 to 50% and a vibration absorbability at 20»C, as defined by the damping coef- 
ficient ratio (C/Cc), of at least 0.1%. 

4. A foam according to any preceding claim, wfierein the polyolefin based resin (A) comprises a polypropylene based 
resin. 

5. A foam according to claim 4, wherein the polypropylene based resin has a melting point of 1 25 to 165»C and MFR 
(melt flow rate) of 0.5 to 20 g/10 min. 

6. A foam according to claim 4, wherein the polypropy rene based resin is a copolymer of propyrene with 2 to 35 wt% 
of a comonomer selected from ethylene and an a-olefin having 4 to 1 2 carbon atoms. 

7 A foam according to any one of claims 1 to 3. wherein the polyolefin based resin (A) comprises a polyethylene 
based resin having a melting point of 70 to 135''C and MFR of 0.5 to 10 g/10 mm. 

8 A foam according to any one of claims 1 to 3. wherein the polyolefin based resin (A) comprises a polyethylene 
based resin (a) and a polypropylene based resin (b) in a weight ratio, (a)/(a+b). of 0.2 to 0.8. 

9 A foam according to any preceding claim, having a degree of crosslinking of 1 5 to 80% and an expansion ratio (E) 
of 2 to 40 times, where E is the ratio of volume per unit mass of expanded foam/unexpanded material. 

10. Afoamaccordingtoclaim9.whereinthedegreeofcrosslinkingis25to70%andtheexpansionratiois5to40times. 

11. A foam according to any preceding claim, wherein the conjugated diene polymer connprises a styreneflsoprene 
block copolymer. 

12. A foam according to any preceding claim, wherein the moldabllity (LTD) is 0.4 or more. 

1 3. A foam according to any preceding claim, wherein the conjugated diene polymer has a number average molecular 
weight of 30,000 to 500.000. 

14. A foam according to any preceding claim, whteh further comprises 0.5 to 10 parts by weight of (C) units derived 
from a crosslinking agent. 

15. A foam according to any preceding claim, which is an electron beam crosslinked foam. 

16. A crosslinked foam having an impact absorbability at 25»C (as measured by an impact resilience measuring in- 
strument) of 10 to 50% and a vibration absorbability at 20''C, as defined by the damping coefficient ratio (C/Cc). 
of at least 0.1%. which foam comprises: 

100 parts by weight of polyolefin based resin (A); and 

10 to 100 parts by weight of a conjugated diene polymer (B) having a peak tan 8 value (obtained by dynamic 
viscoelasticity measurement) at a temperature between -20''C and 40''C inclusive. 

17. Use, as a cushion material for absorbing impact and vibration, of a crosslinked foam according to any preceding 
claim. 

18. A method of manufacturing a crosslinked foam comprising 
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(a) mixing a polyolefin based resin (A) with a conjugated diene polymer (B) having a peak tan 5 value (obtained 
by dynamic viscoelasticity measurement) at a temperature between -20**C and 40<'C inclusive; and 

(b) foaming the mixture. 

5 19. A method according to claim 18, wherein the mixture comprises: 

100 parts by weight of the said polyolefin based resin (A) and 

10 to 100 parts by weight of the said conjugated diene polymer (B). 

10 20. A method according to claim 18 or 19, wherein the foam is crosslinked by electron beam curing. 

21. A method according to claim 1 8, 19 or 20, which comprises the additional step of incorporating in the said mixture 
of components (A) and (B) a crosslinking agent (C). 

is 22. A method according to claim 21 , wherein the crosslinking agent is incorporated in the said mixture in an amount 
of from 0.1 to 10% by weight of components (A), (B) and (C). 

23. A method according to claim 22, wherein component (A) is a polypropylene based polymer and the crosslinking 
agent is a polyfunctional ethylenically unsaturated monomer. 
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